There are several important semiconductor laser applications, e.g optical storage and laser printing, that require lateral mode stability. While the design of single-mode lasers is an on-going problem, the underlying physical mechanisms leading to stable fundamental-lateral mode operation in conventional semiconductor lasers is, in principle, well understood. However, this understanding may not transfer to the wide-bandgap group-I11 nitride (111-N) material system because of the drastically different physical properties [I]. That this is indeed the case is demonstrated in our recent observation of lateral-mode instabilities on a microsecond time scale in a narrow (2.25 pm wide) ridge-waveguide InGaN laser fabricated by OSRAM Opt0 Semiconductors. The same laser structure with a conventional laser gain region based on AlGaAs typically exhibits stable fundamental-mode operation. This paper describes the experiment and presents arguments based on a microscopic theory that indicate that the dissimilarities are because of intrinsic differences between the zinc-blende bandstructure of conventional laser materials and the wurtzite bandstructure of 111-N alloys. 
Abstract:
We studied the transient lateral mode behavior of a 2.25 pm wide InGaNIGaN-based laser diode. At the beginning of a 9 ps long current pulse, the diode heats up, undergoes a lateral mode transition and finally shows a beam steering due to lateral carrier diffision. 02002 Optical Society of America
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were used to excite the laser. It is evident that the laser turns on and immediately starts to heat up (indicated by the large wavelength shift). As the shift reaches about 1 nm in wavelength -which corresponds to an elapsed time of 500 ns -the laser enters a transition regime: although the heating continues, the wavelength shift slows down. At the same time, we observe an increasingly asymmetric$ar field distribution. After a certain time which is characteristic for this particular injection current density, the laset&ows an abrupt change in both the spectral and the far field behavior. After this point, it lases suddenly in two la&d modes, with the higher order lateral mode fading away as time progresses. -c". An interesting observation is that the beam-steering as well as the multimode-behavior occur only if one exceeds a certain threshold in injection current density. This was confirmed by a series of measurements at different injection current levels. Likewise there exists such a threshold for the stripe width: in a 1.5 pm wide laser diode, we did not observe this kind of behavior. As presented in figure 2 (left), a calculation confirmed that a very slight widening of the pumped region ( e g because of lateral carrier diffusion) can result in a beam steering effect. In qualitative agreement with the experiment, this simulation showed also that the beam steering happens when the stripe width exceeds a certain value, as illustrated in figure 2 (right). The rather long time scale of the mode change suggests that not only the carrier diffusion but also the temperature distribution in the cavity might be responsible for the beam steering.
In a different experiment, we performed emission wavelength measurements on the 1.5 pm wide laser. With the resolution being much coarser than the Fabry-Perot mode spacing, we expected a continuous tuning of the wavelength with temperature. Instead, this laser revealed wavelength jumps from one group of longitudinal modes to the next one. We believe that this behavior might be due to a slight gain variation caused by the vertical coupling between the transverse modes of the waveguide and the entire substrate [2] . Further experiments are in progress to investigate the different aspects of the lateral mode behavior and the temperature tuning. 
